SUMMARY Twelve patients with aortic stenosis (gradient 62 (25) mm Hg), and six normal subjects were examined using M mode echocardiography before and during submaximal bicycle exercise. Normal subjects showed a progressive fall in the end systolic minor axis dimension of the left ventricle and a rise in end diastolic dimension, giving an increase in stroke dimension and shortening fraction of 45% and 37% respectively at peak exercise. Patients with aortic stenosis showed no consistent alteration in either end systolic or end diastolic dimension, and consequently stroke dimension was unchanged during exercise. None of the patients with an abnormal exercise response had evidence of left ventricular failure at rest, and all but one completed the exercise protocol without undue dyspnoea.
The optimum time for replacement of the stenotic aortic valve is as yet unknown. Clearly, it should precede symptoms from left ventricular failure, but on the other hand premature valve replacement is not yet justified since the long term fate of the replacement valve is unpredictable. A decision based on noninvasive investigations would be ideal. 12 As exercise testing may reveal abnormalities of left heart function not apparent at rest we used M mode echocardiography to monitor the changes in left ventricular dimensions produced by exercise in normal subjects and patients with aortic stenosis.
Patients and methods
From among the patients admitted routinely with a diagnosis of aortic stenosis, 16 were selected according to the following criteria: (a) high quality M mode echocardiograms (b) age between 15 and 65 years, (c) no history of recent syncope or severe angina, (d) no restriction of exercise in the months before the study, Requests for reprints to Dr Mark Dancy, Cardiac Department, St George's Hospital, Blackshaw Road, London SW17 OQT.
Accepted for publication 7 June 1984 and (c) no signs of left ventricular failure at rest. Only 12 of the 16 recordings made from patients with aortic stenosis were clear enough for accurate measurement. Table 1 gives the details of these patients. None of the patients aged >50 years had coronary artery disease when subsequently investigated. Nine normal subjects with the same age range served as a control group. Only six recordings from the normal subjects were suitable, and these six subjects had a mean age of 36 (10) ance, and the test was stopped if there was angina or arrhythmia.
MEASUREMENTS
The ventricular dimensions were measured in at least six cycles at each stage of exercise using the leading edge method (Fig .1) . End systolic dimension (ESD) was taken as the minimum dimension and end diastolic dimension (EDD) as the maximum dimension. Both of these points could be determined accurately using a set square and dividers. The change in left ventricular cavity size associated with contraction was expressed as stroke dimension (EDD-ESD) or shortening fraction ((EDD-ESD)/EDD). The dimensions at each stage of exercise were compared using the paired t test. The interpretation of the echocardiograms was frequently difficult, and sometimes extrapolation was made from the upright resting trace in order to define left ventricular cavity boundaries in subsequent recordings when respiration made the detail less clear.
Results
There were no major problems during the submaximal exercise tests. One patient had to stop at the end of stage 2 (50 W) because of angina. Table 2 shows the changes in heart rate and blood pressure. There was a tendency for the heart rate of the control subjects to be lower than that of the patients at every stage of Normal subjects When the normal subjects sat upright there were falls in both end systolic and end diastolic dimension, although only the fall in the second was significant. The result of this was a significant fall in stroke dimension (Fig. 3) . When exercise started there was a small rise in end diastolic dimension, and end systolic dimension stayed constant. At the end of stages 2 and 3 there were significant rises in end diastolic dimension and falls in end systolic dimension, resulting in a mean increase of 42% in stroke dimension and of 37% in shortening fraction (p<O0O1 for both).
Patients with aortic stenosis Patients with aortic stenosis showed almost identical Several invasive and non-invasive methods have been used to investigate the effect of exercise on the heart. Early invasive studies of stroke volume changes gave confficting results, although differences between these studies could to a certain extent be explained by postural changes,6 as some subjects were exercised supine and some upright. Two important studies compared resting and exercise measurements with the subjects upright, and these showed increases in stroke volume ranging from 25% to 100% in normal subjects. 78 The newer techniques of gated blood pool scanning9 0 and M mode echocardiography '-13 have allowed changes in stroke volume to be examined more directly. Stroke volume increases during exercise in both the supine and upright positions, but supine cavity dimensions are larger than upright cavity dimensions at each workload. Although end systolic volume (or dimension) clearly decreases during exercise, changes in end diastolic volume (or dimension) have been smaller and less easily detected. Similar studies have been carried out in patients with aortic stenosis. Gorlin et al investigated four patients with aortic stenosis and found that stroke volume failed to rise during exercise, although cardiac output rose owing to a rise in heart rate.'4 They pointed out that with a fixed and severely stenotic aortic valve orifice the increase in left ventricular pressure necessary to raise stroke volume from 65 ml to 80 ml would be 70 mm Hg. Comparable results have been reported by others both in adults'5 16 and in children. [17] [18] [19] In the present study the patients with aortic stenosis showed normal responses when changing from the supine to the upright position,20 but collectively their response to exercise was highly abnormal. There were a variety of individual responses to exercise among the patients (Fig. 3) , and only two had responses similar to the control subjects. One of these (case 3), a young man, had one of the lowest gradients in the group.
The normal fall in end systolic dimension with exercise may be an important part of the mechanism for increasing the rate of ventricular filling during exercise when filling time is reduced. It has ben suggested that the ventricle sucks blood in during the early part of diastole, this property being dependent on elastic recoil.21 If this is so, then a fall in end systolic dimension during exercise would have the advantage on increasing the rate of ventricular filling. Those patients with aortic stenosis whose end systolic dimension did not decrease during exercise would be unable to profit from this mechanism, and left ventricular filling rate would remain at resting levels. Furthermore, in some patients end systolic dimension actually increased during exercise, and they would be expected to have a reduced filling rate at a time when filling needed to be maximal. The consequent reduction in stroke output implied by a fall in stroke dimension would increase with more severe exercise and could conceivably cause syncope. Abnormalities of diastolic function during exercise, which could well explain these effects, have recently been reported by Oldershaw et al in patients after aortic valve replacement. 22 If there is no decrease in end systolic dimension in patients with aortic stenosis stroke volume can increase only if end diastolic dimension increases. With hypertrophied and non-compliant ventricles, however, a change in end diastolic dimension would be accompanied by a large rise in end diastolic pressure (unless by some obscure mechanism compliance could fall with exercise). If stroke dimension remains constant any increase in cardiac output during exercise must be accomplished by an increase in heart rate, and it was of interest that the patients did tend to have higher heart rates than the control subjects in the present study.
The abnormalities seen in these patients may be 
